Background: Exposure to asbestos continues to be a concern for workers in the construction industry. Asbestos can still be found in many construction products and in hundreds of thousands of buildings in the United States. Methods: Data from OSHA's Integrated Management Information System (IMIS) were used to identify inspections in which violations of OSHA's asbestos standards were cited from 2010 to 2012. Employers selected for analysis had NAICS codes in the construction industry sector. Descriptive statistics were used to describe the characteristics of OSHA's enforcement approach to asbestos standards violations in the construction industry. Nonparametric statistics were used to identify significant differences in penalties assessed for violating asbestos standards based upon the type of violation and the type of inspection. Results: This study identified 4017 violations from 846 inspections in which the asbestos standards were cited in the construction industry. Employee complaints and referrals resulted in the largest number enforcement activities. Significant differences were identified in the fines assessed for different types of violations and inspections. Site preparation contractors, residential construction, and commercial and institutional building construction trades experienced the greatest number of violations. Most frequently cited standards included employees performing work in areas that were not properly regulated, personal protective equipment not meeting standards, and employee training not meeting standards. Conclusions: Recommended control measures include conducting targeted inspections in construction industry trades with a greater potential exposure to asbestos, improving worker awareness of asbestos and its hazards, strengthening the fining structure for asbestos violations, and conducting further research to determine underlying reasons for employers' inability to comply with OSHA's asbestos standards.
Introduction
Over the years, the use of asbestos in the United States has declined substantially and mining of asbestos in the United States ceased in 2002 [1] . However, many asbestos products remain in use and new asbestos-containing products continue to be manufactured in or imported into the United States [1] . Exposure to asbestos is a great concern especially for people working in the construction industry. The presence of asbestos in construction materials from use decades ago, the continued use of asbestos containing materials not banned today in the United States, and work activities that require workers to disturb asbestos containing materials through demolition, alterations, and construction activities add up to increased chances for exposure to airborne asbestos.
To protect workers from asbestos exposure, the Occupational Safety and Health Administration (OSHA) has adopted the asbestos standards for the construction industry, 29 CFR 1926.1101 [2] . The OSHA standards apply to asbestos family of materials of chrysotile, amosite, crocidolite, tremolite asbestos, anthophyllite asbestos, actinolite asbestos, and any of these minerals that have been chemically treated and/or altered [2] . The standards do not apply to asbestos-containing asphalt roof coatings, cements and mastics [2] . The OSH Act is enforced by the federal OSHA in 29 states while 21 states have state plans which meet or exceed the requirements of federal OSHA [3] .
The OSHA asbestos standards establish requirements for monitoring, measuring, and protecting workers who may potentially be exposed. Most OSHA state plan states adopted the 29 CRF 1926.1101 federal OSHA standards. Two states, California (CAL/OSHA) and Washington State (WISHA) have their own standards for asbestos in the construction industry [4] .
In addition to promulgating standards, OSHA has the responsibility of ensuring safe and healthful workplaces through enforcement efforts. These workplace inspections can be initiated through a number of avenues ranging from planned inspections in which the site falls under a targeted OSHA inspection priority to employee complaints and referrals. OSHA also has established inspection priorities with their number one priority being imminent dangers followed by fatalities, catastrophes, and accidents [5] . Employers on the other hand, have the responsibility to protect their employees from the hazards of asbestos and federal OSHA and state OSHA plans have the responsibility of enforcing the asbestos safety standards. The purpose of this study was to examine the enforcement of occupational safety and health standards for asbestos in the construction industry. With a better understanding of how these standards are being enforced, recommend actions can be developed which, when implemented, can better protect workers.
Methodology

Data
The focus of this study was on the safety inspection and enforcement activities related to asbestos in the construction industry. Data from OSHA's Integrated Management Information System (IMIS) was analyzed for inspections conducted by the federal Occupational Safety and Health Administration and the agencies enforcing state plan occupational safety and health standards. The IMIS system contained data from both federal OSHA states and state plan states. Inspection data and violation data in which violations of OSHA's 29 CFR 1926.1101, CAL/OSHA's, Title 8 Section 1529, or WISHA's WAC 296-62-07705 were cited were included for analysis. Inspections were conducted between January 1, 2010 and December 31, 2012 involving employers with NAICS codes falling in the construction industry sector.
The following variables from the IMIS records were examined in this study:
The specific asbestos standard number that was violated was identified. The standard numbers selected for this study included OSHA's 29 CFR 1926.1101, CAL/OSHA's Title 8 Section 1529, and WISHA's WAC 296-62-077. Penalties: The current penalty assigned to each standard violated was identified. Current penalties are the penalties assessed following any reductions or deletions from administrative actions such as informal conferences.
Type of Inspection:
The type of inspection was classified as follows [6] :
Fatalities and Catastrophes-Incidents that involved a death or the hospitalization of three or more employees. Other-Than-Serious Violation: An other-than-serious violation is cited in situations where the most serious injury or illness that would be likely to result from a hazardous condition cannot reasonably be predicted to cause death or serious physical harm to exposed employees but does have a direct and immediate relationship to their safety and health.
Complaints-Allegations
NAICS Code:
The North American Industrial Classification System (NAICS) code for the establishment site as determined by OSHA was used to classify establishments by industry sector. The construction industry consists of industry sectors with NAICS codes that range from 230000 to 238990.
Number of Employed Persons:
The number of employed persons over the three year period was obtained using the Bureau of Labor Statistics Current Population Survey.
Statistical Analyses
Data was analyzed descriptively to summarize the number of asbestos standard violations by industry, the type of inspection conducted, the standard number that was violated, and the type of violation. Penalties assessed for asbestos violations were summarized by type of inspection, standard number, and type of violation.
Because the distribution of penalties was not normally distributed, use of non-parametric statistical procedures was required. The Kruskal-Wallis test examines ranks across the categorical independent groups [7] . If all of the samples were from the same population, then the mixture of high, medium and low ranks should be evenly distributed across the groups [7] .
The Kruskal-Wallis test was used in this study to identify the presence of significant differences in the mean rankings of penalties assessed across the different types of inspections. A second Kruskal-Wallis test was used to identify significant differences in the mean rankings of penalties assessed between the different asbestos violation categories. Post hoc Mann-Whitney U tests were used to identify significant differences between each of the pairwise groups [8] .
Results
Type of Inspections
Data from the IMIS system identified 4017 violations from 846 inspections in which the asbestos standards were cited in construction industry establishments during the analysis period of January 1, 2010 to December 31, 2012. Employee complaints accounted for approximately 34.0 percent of all asbestos violations, referrals accounted for 22.8 percent, and planned inspections accounted for approximately 20.3 percent (see Table 1 ).
Overall, the average penalty assessed for a violation of an asbestos standard was $809. The average penalties ranged from $239 for violations classified as "Other-than-serious" to $9205 for violations classified as "Willful". A summary of the results appears in Table 2 . 
Violations
An analysis of asbestos related inspections and violations identified the Site Preparation Contractor sector as having the largest percentage of asbestos inspections (20.2%) and the largest percentage of asbestos violations (24.8%) (see Table 3 ). However, this industry only accounted for less than 5 percent of all asbestos inspections and had an inspection rate of 8.29 inspections per 1000 employees which is below the overall inspection rate of 9.04 inspections per 100,000 employees. This industry comprises establishments primarily engaged in site preparation activities, such as excavating and grading, demolition of buildings and other structures, septic system installation, and house moving (BLS, 2014).
Industry Sector
The Commercial and Institutional Building Construction industry accounted for approximately 15.4 percent of all inspections and 19.3 percent of all inspections resulting in asbestos violations. This industry was the second highest in terms of the frequency of both all inspections and asbestos related inspections. Residential Remodelers were the third most frequently cited industry for asbestos violations accounting for approximately 12.9 percent of all asbestos inspections and 13.3 percent of all asbestos violations. However, this industry accounted for less than 3 percent of all inspections. An analysis of all inspections in construction industry NAICS code found the roofing industry accounted the most inspections overall with approximately 16.2 percent of all inspections but less than 9 percent of all asbestos violations and less than 9 percent of inspections resulting in asbestos violations. 
Asbestos Standard Violated
An analysis of violations by asbestos standard was performed for the three groups of standards; OSHA's 1926.1101 standards, CAL/OSHA's 1529 asbestos standards, and WISHA's 296-62-077 asbestos standards. During the analysis period, there were 3360 violations of the 1926.1101 asbestos standards cited. The most fre-quently cited sections the standards included violations of the requirements for asbestos work to be conducted in regulated areas, lack of employee training, personal protective equipment (PPE) violations, and a lack of monitoring and exposure assessment (see Table 4 ). Similar results were identified for the leading CAL/OSHA 1529 standards cited. Overall, there was 123 violations of the 1529 standards with the most frequently cited sections including violations of the requirements for exposure assessment, regulated work areas, employee training, PPE, and control measures. Frequently cited violations of the WISHA standards included violations of standards pertaining to the communication of hazards, monitoring criteria, PPE, and employee training. Overall, there were 534 violations of the asbestos standards identified for the analysis period. Because of the degree of hazards associated with willful violations and the penalties they can carry, an analysis of willful violations of the asbestos standards was conducted. Most frequently cited standards in which willful violations were identified include standards pertaining to work in regulated areas, employee training, monitoring, and respiratory protection.
Inferential Tests
Kruskal-Wallis tests were conducted to determine if significant differences in mean rankings of penalties assessed for asbestos violations exist between the types of violations. The data met the assumptions of the test procedure as described in the Methods section. There were 4,017 cases in the analysis. The Kruskal-Wallis test identified significant differences in the mean ranks of the penalties assessed by type of violation (X 2 = 133.15, d.f. = 3, p < 0.000) (see Table 5 ). Post hoc tests using Mann-Whitney U tests identified significant differences between pairwise mean rankings (see Table 6 ). These post hoc tests identified significant differences between the mean rankings for all pairs except for the mean ranking of penalties assessed for repeat violations compared to willful violations. Significant results indicate the penalties differ significantly between groups.
Kruskal-Wallis tests also identified significant differences in the mean rankings of the penalties assessed by type of inspection (X 2 = 48.49, d.f. = 8, p < 0.001) (see Table 7 ). Mann-Whitney U post hoc tests identified a number of significant differences between pairs of mean rankings (see Table 8 ). Mean rankings for penalties assessed were significantly different for follow up inspections compared to all other types of inspections. Complaint and referral inspections penalties were significantly different. Other pairwise comparisons had mixed results.
Discussion
Exposure to asbestos poses a major health hazard to workers in the construction industry despite efforts to eliminate its use. While there have been a number of bans on the use asbestos enacted in the United States, it is still ProgrammedOther present in many forms of construction materials found in hundreds of thousands of existing buildings. This study examined OSHA's enforcement of the asbestos standards in the construction industry.
Over the three year analysis period this study covered, OSHA cited violations of the asbestos standards over 4000 times in 809 inspections. Employers engaged in site preparation trades, which includes demolition-related activities, were cited most often. However, the inspection rate based upon the number of workers was far less than many other construction industries. It appears there is a focus by OSHA on conducting inspections in industries such as the roofing industry, framing industry, and multi-family construction industry and less of a focus on the industries identified with the higher numbers of asbestos violations. To better protect workers, industries with greater exposures to asbestos should receive a higher inspection priority.
The extent to which OSHA conducts planned inspections and enforces the asbestos standards does not appear to be representative of the potential exposure in the construction industry. It appears the majority of OSHA's enforcement activities related to the asbestos standards were the result of employee complaints and referrals. These complaints and referrals accounted for more than half of all asbestos-related inspections and violations.
For OSHA's complaint inspection process to be more effective, employees must be knowledgeable of the asbestos standards, know the hazards of asbestos exposure, have skills for recognizing asbestos sources in the workplace, and be knowledgeable of OSHA's role in enforcing standards. Education and awareness programs could strengthen the enforcement of the asbestos standards by increasing workers' awareness and action resulting in higher numbers of worker complaints and corresponding enforcement activities.
Planned inspections on the other hand, while accounting for the largest percentage of willful violations, yielded less than one quarter of all asbestos violations. To strengthen the inspection process, targeting the industry groups with planned inspections focused on asbestos could have a positive impact on protecting workers. The site preparation industry group was identified as one potential focus industry due to asbestos exposure from demolition activities. The residential construction and the commercial and institutional building construction also had a disproportionate number of inspections compared to the number of asbestos-related inspections and should also be included as a sector for increased planned inspections focused on asbestos.
An examination of penalties determined OSHA's citation and penalty process resulted in the largest penalties assessed for willful violations. The higher fines can be expected for the willful violations because OSHA's penalty system establishes this practice. Of concern, however, is the fact that willfully exposing workers to asbestos in the construction industry resulted in an average penalty that was less than $10,000 per violation. Serious violations of asbestos standards resulted in average penalties less than $1000. A criticism of OSHA for decades has been the penalties assessed for violating OSHA standards that do not appear to match the potential severity of the long-term effects of exposure and do not serve as a true deterrent.
To protect workers, employers are required to comply with the asbestos standards. Whether it is a federal OSHA site or a state plan site, the requirements are, for the most part, the same. In fact, for many state plan states, their standards are identical to the federal standards. An analysis of the asbestos standards cited yielded similar results across these federal and state plans. Common violations included exposing workers to asbestos because regulated areas were not established, exposure monitoring was not properly conducted, and appropriate control measures were not used. The more serious violations classified as being willful included work being conducted in areas that were not regulated, a lack of exposure monitoring, a lack of PPE, and inadequate employee training. The reasons why employers failed to comply with these standards were not within the scope of this study but should be the focus of future research.
